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CHEMICAL EFFLUENTS TECHNOLOGY WASTE DISPOSAYL INVESTIGATIONS
APRIL, MAY, JUNE, 1959

INTRODUCTIOR

The Chemical Effluents Technology Operation performs rasearch to investigate the
chemical and physical aspects of environmental contm..ination resulting from plant
effluents or from potential process incidents. This 1eport is primarily concerned
vith plant assictance research in the field of waste disposal during the quarter
April, May, June, 1959.

The ground-water monitoring data utilized 1n thils report were cbtained from well-
vater samples. These samples are collected rocutinely by the Reglonal Monitoring
Operation and sunalyzed by the Radiclogical Chemieml Analysis QOperation.

I. INTERPRETATION OF GROUND-WATER MONITORING DATA (D. J. Brown)

Inasmuch as laboratory data indicate that the radiocisotope mainly found

in the ground water is Rule, the analytical detmction limit for gross beta

in ground-water samples is 1.5 x 10"7lu.c/ce. Pigure 1 is a map of the sepa-
ra’c;l.on areas showing the extent ¢l detecteabls ground-water contamination dur-
ing the period April-Jume, 1959. In addition, coctaminated ground water wvas
detected in three wells not sbown on this map; welis 695-34-39A, 699-31-30, V
and 699;214--33. It oust be emphasized that the touzdaries of the contaminated
zones shown on the map (Fig. i) are rather indefinite tecause of the limited

number of wonitoring wells.

Water samples from monitoring wells are analyzed for specific radioisotopes

depending on the composition of weste going tc =ke crid and the gross dbeta
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~ k00~ Ground-water contour in feet above sea level.
. Well from which ground-water samples were cobtained.

Concentration of radioactive contamination in ground
water {gross deta emitters). '

m 1.5x10°7 - 1.0 x lb"sf.xc/cc

"“ 1.0x1200-1.0x lo'h/uc/cc

QLILIL T, >1.0x IO'M/.lc/cc (m. obaervad: 6.0 x 10—2)-
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Flgure 1. - Map of Separatllnnsg .28 showing probable extent of groundé-wvater contsmination
and contours on the sater table, June 1959.
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activity found in the well samples. In general, when the gross beta activity
in a well exceeds 1.0 x 10~% /.xc/cc , the semples are analyzed for CofQ, sr9°,
and 03137. The routine analytical detection limit for these isotopes in such

ground;-water samples is 4 x 10'7, Tx 10'8, and 5 x lO'T/uc/cc, respectively.

Figure 1 also shows the growmnd-water contours as of June 1959. The general
directlion of groumd-water movement is normal to the contour lines in the
direction cf the downward slope. Any waste, therefore, that infiltrates to

the water table will take the same gepneral courses as that of the ground water.

200-East Ares '

In the 200-East Area there are three majcr crid sites to lfrhich liquid radio-
sctive wastes have been discharged. (See Figure 1, A, B, and C). The earth
materials through which these wvastes percolate are for the most part sands
and gravels with minor emounts of silt and clay. The depth to gréund. water
ranges from about 200 feet in the northeast part of the aresa to about 350 feet
in the scuthwest part.

(1) 216-BY and 241-B cribs. -- Both of these crid sites are inactive. (See A,
Fig. 1). The 21+l_-3 eribs were taken cut of service in 1953 when the B-
Plant was chut down and the 215-BY cribz were taken out of service in
1956 when radiocesium was detected in the grourd water beneath the site.
The gross beta concentrations in the ground water have remained fairly
constant since these crits were removed from service. Several wells
in the BY-crid site were reperfcreted to determine whether the water

samples taken from the welis were rep-esentative of the true gound-water
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concentrations. Analyses received this quarter indicate that the same
level of contaminatioa is prenent as was oteerved prior to the reperfo-
rating work. The highest concentraticn of grcae bets activity reported
in the wells at this disposal site this quarter was 7.2 x 10°3 pe/ee.
Isotopic analyses showed sevén wells with CO6O concentrations above the
1/10 MPC value of 4 x 10" pe/cc. The meximm observation wes 2.1 x T

1 :
/.xc/cc in well 299-E33-3. R‘adio?txl'c‘ntimn and radioccesium concentriitions

vere below the analytical dntec:‘;ic‘tk li.mit:;.

The ucusual two-pronged shepe of the contamlnated ground-water pattern

is probebly caused by the f:i.nc Ringold sediments which rise above the
vater table Just southwest of the cridb sites and the coarser 'gla.cioﬂuvia.-
tile sands and gravels which occur just north and east of the Ringold beds.
The more permeable glaciofluviatile materials are tranemitting the contami-

nated ground water at a much faster rate.

One monitoring well south of this disposal site shows a detectable concen-
tration of beta emittera. This radiocactivity is probably the movezent
into the well of residual contamination from the scil immediately surround-
ing it.

(2) 216-A ~ribs. -- There are five important cribs in this area which have

received wastes from the Purex operation (See B, Fig. 1). Of these

five, three are gtill io use. The meximm groas hete concentration re-
ported at this site was 5.6 x lO‘L" /uc/cc- Izotcpic analyses of samples
f=om wells in this area show no concentraticns of 0060.'81-90, and 05137

above the analytical detection lirits.

UNCLASSTFIED
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The contaminated ground-wvater pattern shows little change from that of

the previous quarter. The westes continue 10 move to the west and thence

in a southerly direction to the vicinity of the scuthern boundary of the

200-East Area. Results from all wells further to.the south and east of

the 200-Fast Area show gross beta concentrations below the detectable

limit, except irn the three wells previously menticned. These wells,

€99-34-39A, 699-31.-30, and £99-24-33, have all shown a twofold increase

in gross beta concent%atioua over the previous quarterly average. (The

walls are not located on the map in Figure 1l but are approximately three

miles southeast of the 20C-East Area). The source of this contamination
18 not definitely known, dut is probably residual contéqinition remain-

ing in the soll after contesminated ground water from th§ BY crib site

moved through this area early in 1956. After the buildTp of the 200-East

ground-wvater mound in 1956, the movemeat of these wastes through this region

stopped. The gross beta concentrations slowly dropped to below the detecta-

ble concentrations of beta ewmittere in the ground water but the oecurrences

are generally sporsdic and inconsistent. Detectable concentrations of beta

activity have been reported continuously in well £59-34-30A for over a

year and in wells 699-31-30 and 699-24-33 for the past six months. A

epeclal sampling program will be established to determine what other

factors may be causing this observed increase in concentrastion.

(3) 216-BC cribs and trenckes. -- No wells monitoring the 216-BC cribs and

trenches consistently show concentrations of gross teta activity atove
the detectatle limit (1.5 x 10-7 je/ee).  (See ¢, Fig. 1).

UNCLASSIFIED
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200-Wegt Area

The rate and direction of contaminated ground-water movement beneath tﬁe 200-
West Area largely depend on the shape and height of the artificial ground-water
mound which has been formed on the original water table. During the past 12
yeafa the rates and directions have changed signlficantly several times. Conse-
guently, contaminated ground water bhas moved th:o#gh much of the soil which
intercepts the water table beneath the 200-Wegt Area. At present the apex of
the ground-water mound beneati: the 200-West Area lg located to the southwest

of the area. The principal directions of ground-water movement beneath the
three major diéposal sites in the area are southeasi, east and northeast. The
depth to ground water ranges From 190 feet to 280 feet. The earth materials
through which the wastes filtar to the water teble include beds that are much
finer than any located beneath the Z00-East Area and probably cause slgoificant
lateral spreading. Ehia is especially true in the southern part of the area
where wvastes have been d&fgcted ebove the water tsble several hundred feet

fron the site where thev were sent to the ground. These fine materials also

reduce the rate of movement of the ground water beneath this area.

.There are three genergl areas where ground water is contaminated to detectable
concentfaxions. These areas are shown on the map in Figure 1 near the letter:z
D, E, end F. OCther small isolated areas aleo appear ou the map. These areacs
are conteminated by small crids in the locality of the monitoring well or
they are presumably th;»reault of 1esidual radiocactive pmaterial vashing into

the well from the soll adjacent to it.

WCLASSTFTED
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(1) T-Plent cribs and trencheg. -- In the north of the 200-West Area is the
T.Plant and its associated cribs snd trenches. (See D, Fig. 1). These
disposal facilities sre no longer in use dbut wvastes from several of these
cribts continue to draln into the ground water-accounting fer the coantinued
high concentrations of beta emitters found thgre. The highest concen-
tration reported this quarter was 2.7 x 10'5/uc/cc. Water samples from
criticel monitoring wells were analyzed for 5r7° and €837 bus nG concen-
tratlions above the detectable limit were reported.

(2) 216-WR crids. -- An area of contsaminated ground vater extends from the

216-WR cridbs approximately three miles to the east. (See E, Fig. 1).
It is believed that most of this radicactive materiel originated fron the
T-Plant cribs when the bhydrawlic gradient was toward the southsast. At &
later time the gradient of the 200-Wast ground-water mound was changed in
the T-Plant region and the movsment of toe wastes from this site was altered
to the north and northeast. Much of the coataminated ground water which had
ooved to the sogtheaat was anaffected by the local gradient change and con-
tinued to move in an easterly direction. Toe 216-WR cribs are now believed
to be the m;Jor source of contaxinatior in this area. The maximm concen-
tration detected in the ground waTer his quarter was 1.1 x lb'slnc/cc in
well 269-W19-2 located Just east of the 216-WR-1 criv. No detectadble con-
centrations of 3r90 or Cs=37 wwere Zound in <he wells at this site.

(3) Redox crids. -- There are seven cribs ia this area which are Potential sources
of ground water contamiratizcr. (See F, Fig. 1}. The 216-5-1 and 2 erivs,

however, have teen inactive sicce Jeruvary of 19%5., Thie area is underlain
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by extensive dsposits of fine material which have caused the -uas?es going
to theae cridbs to spread considerably. The small bhook at the west end of
the contaminated grownd-water pattern is probabdbly the result of some wastes
spreading laterally in the soils above the water teble in this directizn.
The general movement to the southeast shows .‘a_.ittle change over that of

the previous guarter. .The maximum concentration of beta activity re-

ported was 6.0 x 1072 /uc/cc in well 299-W22-14.

Well 299-W22-2 cuntinues to show detectable concentrations of Sr9° in
the grownd vater. 879 has continuously appeared in this well for the
past 26 months, the present concentration averaging 1.7 x 10-6 /uc/ce

for the quarter. All other wells in ihis area were below the detecta-
ble limit for 8r9° and 03137.

II. PLANT WASTE DISPOSAL PRACTICE

Chericel Processing Department (W. A. Eaney)

Disposal to ground. -- Geological, well-probe, ground-water sampling, and

vaste dlsposal data have been utilized in determining well-drilling locations
that should yie'ld. maximm information on the distribution and concentration of
radioisotopes under selected 200-Area disposal sites. Optimum weil locations
for investigating five facilities have been determined. These twventy-four

wells represent about fifty percent of the anticipated drilling footage require-
ments for & program under consideration to investigate the distridbution of radio-

active materials in the vedose zone under 200-Arsa ground disposal facilities.

lllll ‘ UNCIASSIF.ED
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EW-59915, "Phase I Program -- Effects of a Proposed Dam at Columbia River
Mile 348 on Radioisotopes Stored in Ground" by D. W. Pearce, was issued
May 1, 1959. The report outlines a program to study the distribution ard
concentrations of radioisotopes in 200-Area soils above the ground-water
table. The program is the result of concern over the effect a higher and
fluctuating water table might have on past, present, and future disposals
| of rasdioactive ligquid wastes in the 200-Areas.

Recommendations were forwarded to the Chemicel Processing Department that
the adendoned 216-T-19 ¢rid end tilefield not be used for disposal of

vastes from the T-Plant decontamination facility. Uncertainties relative
to the present contemination status of this facility and inadequate monitor-
ing well coverage make it inedvisable %o reactivﬁte this disposal.site. The

effect of combining decontamination waste with UDO, plant condensate on the

3
capacity of the unused 216-R-27 and 28 crivs is being investigated as a

possible alternate solution to this disposal problenm.

EW-60115, "Explorstory Field Study of a Ground Waste Disposal Facillty," by
W. A. Eaney snd C. E. linderoth, was issued May 15, 1959. This report pre-
sents studies of waste dispersal and radicisotope distribution in soils
beneath the abandoned Redox 216-S-1 asd 2 cribs. The bases for these
gtudies were radiceanalytical results end sedimsnt characteristics of soil
saxples cobtained from wells drilled ir the viciniiy of the crib site after
abandonment 1n 1956. Good correlation exists between geological formation

characteristics and directions of wvmste mocvement. Furthermore, the preferentisl

UNCIASSI® =D
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137

.\:ptake of Cs ~ , relative to Sr9°, was evidenced by the absence of 05137 in

samples from all but two nearby wells, and there only in low concentratlons.

Irrsdiation Processing Department (W. N. Koop)
Decontamination of reactor coolant. -« The engineering study to determine

feagibility of a Chemical Research Cperatlon proposal for decontaminating

. spent coolant was continued. The proposal involves passage of effluent
tirough beds of aluminum turnings prior t0 river release. Experinents to
date have been limited to scrap aluminum which was obtained from the manu-
facture of reactor fuel elements. Results from pressure drop tests, con-
ducted by Chemical Devulopment Operations personnel, indicate favorable
characteriétics at low eﬂluent' velocities such as those found across re-
actor retention besins. Eowever, problibitive pressure drzps occurred at
higher velocities of the magnitude of those found across cutfull structures.
Prelininary dats from glass colum experiments alsc indicate more effective
coolant decontamination at low velocities. Surface areas of material were
peasured by & ges adsorption technique after samples had 'be_en immersed in H-
Ares retention basin water. Thess immersion resulis confirmed to some extent
the relaiionship betweer surface ares and the ability of corroded sluminum
+0 adsorb ra.dioisotoﬁes {row the vater. The immergion experimental method

appears promising for evaluating other bed materials.

Columbia River Nasvigatior Channe'. -~ Chemical Effluects Technology cooperated
witk the Irradiation Processing Department in reviewing the effects of a navi-

getion channel on Eanford coperaticms. Opinions and comments of other iater-

ested compcnents of Hanford Laborstories Oparation were composited and sext
WCLASS I =D
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to Irradiation Processing Department for inclusjon in a document that up-
dates information in the 1958 report on this subject.

Tritium injection. -- At the request of Irradiation Processing Department

and in cooperaticn with Radlation Protection Operationm, & working limit of
20 curies/day as a maximm injection rate for tritium was derived and recom-
pended. _Th:la wes done in order that river pollution aspects might be in-
¢luded along with other considerations in the develomment of a :..__r_j..Ex_an

tracer technique for locating procesa tube leaks during reactor operation.

This limit provides a rate of tritium injection that is knowm to have an in-

sigrificant effect on the potential ictermal exposure of the general public.
The restrictive criterie for the working limit is justified, since & daliber-
ate routine sddition of radiocactive materials to the river, other than reactor
coolant contamination, is contrsry 4o the disposal philosophy at Moﬂ. How-
ever, the potential reduction of outage time for locating tube leaks appeared

to verrant consideration of limited tritium injection.

Reactor confinemert. -- The design of the cribs for waste sireams from the

p‘:aposea reactor confinement bulildings was revieved. Relocating the 100-F

C:l,’ erib 170 feet south of the originally selectel site was recommended to mini-

U

mize leaching of radicnuclides from other ne=rdy disposal facilities. Monitor-

izg well locations and specificetions were also recommended.

Fission Product Release Experiments (_P.. K. Eilliard and A. J. Scott)

Alr atmoepheres., -- Six additional experimects were performed this quarter

for a total of twenty-nine tests on the releage of fission preducts from

UNCLASSTFIED
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low-level irradiated uranium heated in air etmospheres. This completed

the first phase of the fission product release study and a toplcel re;port

will be issued in July as BW-60689. In these experiments the fraction of

seven fission product isotopes released from small uranium specimens was
measured at various conditions and a correlation made as functions of tempera-
ture, time, and air flow rate. ZXenon, iodine, and tellurium were found to be
quite vola.file , being released in proportion to the extent of uranium oxjidized.
Strontium, cesium, ruthenium, and barium were found to be relatively non-
volatile. The fraction released was independent of time and extent of oxi-
daticn, but somewhat dependent upon temperature of oxidation. The releage
of the volatile elements during a steady temperature increase of 10° C/min
compared closely with that predicted by graphicel integration of iscthermal
data. The release rate duéqing thermocycling conditions showed f£luctuations
corresponding to the thermal peaks. A helium atmosphere gave a low;r release
of iodine, xencon, tellurium, and ruthenium, a.nd & higher release of strontium
than with air under otherwise similar conditions. Cesium and barium release

ves the same as in an air atmosphere.

Aluminum jJackets pressed around the uranium specimen caused a rapid and large
temperature excursion when exposed to air at high temperature. In one case

8 cloud of fine aluminum oxide particles was emitted which pessed through

seversl traps,

Planning was started on a test facllity for fission product release experi-
ments utilizing fully irredisted specimens.

UNCLASSIFIED
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ITI,

Steam atmospheres. -- Studies of the release of fission products from low-

level irradiasted uranium heated to high temperatures in steam atmcsphl;eres
are rrogressing satisfactorily. The combustion apparatus used is a modifi-
cation of equipment applied to fission product release experiments in air.
Steam flow used to date is 2300 cc/min at one atmosphere pressure. Helium
is used for ‘proteé"‘bing the specimen while in the -combustion traln prior to
and following .tntm;gction of steanm.

i
A series of experimenys with unirradiated uranium, ueing l/ll»" diameter by

3/4" long specimeuns, was made ip order to assure adequacy of the combustion
equipment and to pn‘avide oxidation rata informetion for representative
temperatures. Linear nxidation rates were obtained for these runs. Ten
experimental runs utilizing low-level irradisted uranium oxidized by steam

bave been completed. Fission product release data cbtalned through radio-
chemical snalyses of sauples collected from the coobustion spparatus are

not yet complete. However, data to date indicate that the releape of 1131,
mel32, Rul03, and Xel33 15 greatly suppressed in steam as comparvd to air
stmosphere for similar oxidation ‘emperatures and time. NMeasurements have
shown that the 1/L" x 3/k" specimens used iz these studies of both unirradiated
and 1r§idated. metal oxidize at the same rate. This permits use of unirradiated
uraniue re;;alts in correlation of irradiated gpecimen dsta.

LABORATORY EVAOUATION OF WASTES (A. E. Peisenauer).

300 Area Waste and Redox laboratory Waste

501l column teste were performed to estimate the expected life of the 216-SL

1l and 2 erips .l The average columr capacity for the eritical isotepe Srg'O
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in four soll colums using & 9 %o 1 mixture of 300 Area waste to Redox labo-
ratery waste was 8.4 column volumes. By the end of May 1559, 7.0k x 10° gal-
locns or 1.37 colum volumes of waste had been discharged to this ¢rib. At
the present rate (150,000 gal/mo) the crid would be expected to last 20
years. This estimate is based on a flow rate of only 0.35 gal/ft2/hr, end
no a.'bif.em:pt wvae -made to simulate the batchwise a.d.ciition of 300 Area waste to
this crib. The soil used in the test colums was & composite from drilling
samples from well 295-W22-19. A conservative attitude toward this apparently
long crid life should be maintained because of the uncertain composition of

labomatory wastes anc rrobable increase in their volume and concentration.

224-U Plant Condensate

Four pairs of scil colurms were used to investigate the optimm pE to which

the 221&-UP1£.nt acld condensate should be adjusted with NeOH before ground

disposal. The pH points studied were at 3E 6,9, 11, and 12. The following

results were obtained usiag waste sazpies spiked with Sr9°, the critical radio-

ruclide.

3. 5% breakthrough of Sri€ occurred before 5 colum volumes was reached
using wastes a.d,justéc‘. to pZ 6 end .

2. No detectable rise in Sr° activity occurred througk 120 coluzm volumes
using wvaste adjusted to pE 11 and 12.

The 801l used in these colwms was corposited from well 299-Wik-2, which is

situeted near the 216-TY cridb site.

S UNCLASSIF T




UNCLASSIFIED «19- EW-61197 FD

v

Purex Ammonia Scrubber and Stack Drain Waste

Soil column tests in progress to estimate the life of the replacement for \
the 216-A-k crib indicate that over 40 column volumes of waste may be adlel
with no significant increase in tte critical radionuclide Sr9° in the eﬂ‘l\!lent:.
the waste used as influent vas cozbined ammonia scrubber waste and stack"‘_ drain
waste, at present being sent to the 216-A-21 cribs. The soil used in the
colums was composited from well 299-B24-1. 1[he present fiow rate to the

crib is less than 1 column volume per year.

GROUND-WATER EYDROLOGY (W. H. Bierschenk)

All guantitative ground-water data collected to date have teen evaluated

and coﬁpiled and are included in the formal report "Aquifer Characteristics
and Ground-kater Movement at Hanford" which will be issued during the third
gquarter as HW-60601. The hydraulic characteristics of Hanford aquifers were
measured and estimated by e variety of field methods. M:tually consistent re-
sults show that the permeability of the glaciofluviatile sediments ranges from
sbout 10,000 to more then 60,000 gpd/ft°, and the permesbility of the underly-
ing Ringold deposits renges from less than 100 to 60C gpd/ft2. Based on these
Permeability data, calculations of the average ~ete of ground-weter flow inds-

cate a range from a few inches per day to as xTuch as 15C f£t/day.

The hydraulic studies show that wastes which reach the water table bepeath

disposal sites will potentielly move i1 & gemeral southeastwarl and eastward
direction some 20 miles to the Columbia River. Aversge rates of zground-water
flow indicate that travel alorg “Lis estirmated mean ‘ateral peth of grouna-
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water contemination could conceivebly be completed in an average time in the
oxrder of 180 years. Such factors as heterogeneity ard anisctropy of .the
aquifers, and dispersal of wastes in the ground water, however, assume great
importance in deteriining the path and ultimately the concentration of radio-
asctive wastes in the river. The statistical distribution or velocities indicates
some potential for movement at several times the average rate, while other ccm-
ponents, pa..rticula.rly those that underge adsorption reactions with seoil surfaces,

may move et & minute fractlion of the aversge rate.

WELL DRTLLING SIMMARY (D. J. Brown)

A contract for construction of research and exploratory wells was awarded to

the Back Drilling Company of Coulee City, Weshington. It ccvers the construetion
of 16 wells ranging in depth from about T5 feet to over 700 feet. The “otal
footage to be drilled is approximately 3600 feet. The firms which bid on this

contract are listed below with their respective estimates.

Western Drilling Co., Tacoma Washinghon . . . . . . $93,088
Midland Drilling Co., Walla Walla, Washington . . . }48,265
Hatch Drilling Co., Eelf Moon Bay, California . . . 52,415
Bach Drilling Co., Coulee City, Washington . . . . LO,945
Fair cost estimats . . . . . . . . . .« .+ ... U6,060

The work is scheduled to start during the third quarter of 1959 and is to be

completed within 240 calendar days after thte notice to proceed has been given.
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